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Interferometer sequence
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What can we measure”?
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Atom cloud
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Gravitational
waves

s ‘Mid-band’ sensitivity
between LIGO and LISA.

characteristic strain
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Dark matter




A lot of parameter space!
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A lot of parameter space!
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A lot of parameter space!
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A classical ULDM fie
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Ultralight mass means a high occupation number
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Atoms in a scalar ULDM field

photor} coupling electron coupling
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Two sensitivity
channels L
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What about spin-27?
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Massive graviton dark matter



Massive gravity field theory
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Massive gravity field theory

Let’s consider a massive spin-2 ultra-light field SOIUJ/

Express as irreducible fields:
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Three normalised fields
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Coupling to light and matter
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Coupling to light and matter

Tensor Vector Scalar
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Coupling to light and matter

Tensor Vector Scalar
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Coupling to light and matter

Tensor Vector Scalar
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Coupling to light and matter

Tensor modes

time like

gravitational



to light and matter
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What can we measure”?

OMZ = k9T2

Atom-light
interactions
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What can we measure”?
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Other couplings

D. Blas, J. Carlton, C. McCabe. arXiv: 241214282 3>



Other couplings

Electron mass Matter couplings
variation
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D. Blas, J. Carlton, C. McCabe. arXiv: 2412.14282 33




Other couplings

Matter couplings
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Three sensitivity channels'
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Projected detection limits _ - rrequeney
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Leading constraints on scalar mode
come from *fifth force’ experiments
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Advantages of networking!

AION plans to network with MAGIS-100 to
enhance sensitivity in ULDM/GW searches.
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Advantages of networking!

AION plans to network with MAGIS-100 to
enhance sensitivity in ULDM/GW searches.

gp;l;-T(t, X) = Z wagef‘j(kt) cos(wit — ki - x)
2

Distinguish dark matter models through
directional dependence.
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Progress towards a global network!

MAGIS-100
Ve

Stanford
10m tower

Terrestrial very-long baseline atom interferometry workshop summary: arXiv: 2310.08183
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Summary

AION is an upcoming atom interferometer experiment, using quantum
sensors for detecting ultralight dark matter and gravitational waves — in the
‘mid-band’ between LISA and LIGO.

Spin-2 ULDM can be probed by gravitational wave detectors — however,
atom interferometers can detect it through several different channels without
altering any of the experimental design! Other GW/ULDM experiments may
also detect other couplings not probed by atom interferometers.

A global network of atom interferometers will enhance these searches
further, probing the directional dependence of the field and other couplings.

' D. Blas, J. Carlton, C. McCabe. arXiv: 2412.14282
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Matter couplings

Light couplings
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Spin-2 sensitivity

\/PDM Ar . [mynL] . [m,T]| . [my(T—(n—-1)L) 2T + L
AD =D AD, Z 4y " sin X2 sin ;‘ sin | —% 5 cos | my— by
" FP LV1 LV2
a® —a(o)v%M% 0 a® 8—V23fs (@™ + Aat)
B BOvpy B 0 BOEBLL (3™ + M + Ni2) (2 + €a)
N e D2/ iz 12
gL 0 0 0
o 0 0 0
— @ pis X
[3(2)D I [(5ij — 30pM,i0pM,5)V/ s B DY i\/ﬁz €ij
B® A . ] |BOVIEE, DYel ’
i v A j 2 S 3 3
* \/EZ\: ©s Juton, Z)\: e’] + \/\/?(51'1‘ - 'UDM,i'UDM,j)]

46



LMT pulses

Additional pulses
enhance sensitivity
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Phase shifts
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Spin-1 dark matter

a ‘dark’ electric field

B-L coupling, which generates

A
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Probe with a dual-species interferometer

M. Abe et al. arXiv: 2104.02835
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AION-10 sensitivity projections
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Massive gravity field theory
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Lorentz invariant massive spin-2 field
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Lorentz violating massive spin-2 field
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Massive gravity field theory
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